Abstract -Models of ad-hoc wireless networks are often based on the geometric disc abstraction: transmission is assumed to be isotropic, and reliable communication channels are assumed to exist (apart from interference) between nodes closer than a given distance. In reality communication channels are unreliable and communication range is generally not rotationally symmetric. In this paper we examine how these issues affect network connectivity.
I. INTRODUCTION
Ad-hoc wireless networks are usually defined as a collection of computers equipped with radio transmitters and communicating in a multi-hop fashion, routing each other's data packets. Connectivity properties of these networks can be studied in the framework Continuum Percolation Theory [l] . Points of a two-dimensional Poisson point process represent wireless transmitting stations of range 2 r , and the theory shows the existence of a critical value A, for the density of the transmitters, such that, for X > A,, an unbounded connected component of transmitters forms (i.e., the network percolates), with probability one, and so long-distance multi-hop communication is possible. In this paper we consider an extension that is useful to model more realistic, unreliable and non-rotationally symmetric communication channels. We compare networks of geometric discs to other simple shapes, including probabilistic connections, and we find that when transmission range and node density are normalized across experiments so as to preserve the expected number of connections (ENC) enjoyed by each node, the discs are the "hardest" shape to connect together. In other words, anisotropic radiation patterns and spotty coverage allow an unbounded connected component to appear at lower ENC levels than perfect circular coverage allows. This indicates that connectivity claims made in the literature using the geometric disc abstraction will in general hold also for the more irregular shapes found in practice.
RESULTS
We model imperfect links by considering a random connection model where each pair of points (z, y) of a Poisson point process of density X is connected with probability g ( z -y), for some given function g : R2 + [0,1]. The only requirement on g (in order to avoid a trivial model) is that its egective area e(g) = J z E R Z g ( z ) must be 0 < e(g) < 00. We call H the class of functions that satisfy this requirement. Note that X e ( g ) = E N C . The critical value X,(g) that ensures connectivity is defined as follows, 0 < X,(g) = inf{X : 3 infinite connected component} < CO.
We are interested in how A, varies when we change the form of the connection function, while preserving its effective area. *This work was partially supported by the Lee Center for Advanced Networking at Caltech Each shape, shown with effective area 1, is positioned so that the height of the center of the shape is at the ENC value needed for percolation. The shapes on the left are discs with probabilistic connections to other points touching the disc, with probability varying linearly from 0.1 for the large light gray circle to 1.0 for the nonprobabilistic disc at the top. Then the descending shapes are annuli whose inner radius varies linearly from 0.0 of the outer radius for the solid disc at the top to 0.9 for the thin ring at the bottom. The next three shapes are a solid disc, a hexagon, and a square. The last shape on the right is an irregular lobed shape, inspired by the radiation pattern of a multidirectional antenna, and we see that its critical ENC value is markedly lower than that of discs.
Given a function g E H define giqUaSh by g;quash(z) = p*g(&z). This function is a version of g in which probabilities are reduced by a factor of p but the function is stretched so as to maintain the original effective area.
Another transformation of g that we consider is g i h i f t ( z ) . Here we shift the function g outwards (so that a disc becomes an annulus, for example) by a distance s, but squeeze the function so that it has the same effective area. Technically we define this through gsshift(z) = g(hP1(z)) and Numerical simulations show that the shifting and squeezing transformation also helps the percolation process. Moreover, we find that connection functions that are not rotationally symmetric are also easier to percolate. Results are depicted in Figure 1 . More details are given in [2].
